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1  | INTRODUC TION
The idea that inequality negatively impacts population health 
is not a new one, it is a key concern of epidemiological research 
(Wilkinson & Pickett, 2018). Undeniably, rich Western countries 
have healthier populations compared with poorer developing na-
tions (Gwatkin, 2002; Hansen & Postmes, 2013). However, pros-
perity has not delivered health equally across society in developed 
countries. In fact, it would seem some egalitarian countries have 
better overall population health even compared with more affluent 
countries (Scheepers & Ellemers, 2018; Wilkinson & Pickett, 2010). 
In this paper, we examine the possibility that this phenomenon is a 
consequence of income inequality being a cause of stress for rich 
and poor alike.
Here, we conceptualize stress response using cardiovascular 
reactivity. Perturbation of cardiovascular activity in response to 
acute psychological challenge is consistent with the reactivity hy-
pothesis (Obrist et al., 1986) and is routinely used as a measure of 
stress in the health research literature (Blascovich & Tomaka, 1996; 
Kim et al., 2017). Berntson and Cacioppo (2004) show that stress-
ors of any intensity, from a lab- based stressor to everyday “has-
sles,” influence cardiovascular responses. Heart rate (HR) is also 
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Abstract
A growing body of research suggests that inequality can be stressful for all within a 
society. We consider this assertion by exploring whether there is evidence of physi-
ological stress responses to different income and inequality conditions in a hypo-
thetical society. The combined effect of inequality for different income groups on 
cardiovascular reactivity was assessed while participants engaged in purchasing de-
cisions. The study included 102 participants, 84 of which had full data for analyses 
(42 male, 41 female, 1 unspecified). The average age was 23 years. A 3 × 2 design 
manipulated both inequality (stable, increasing, and decreasing) and income (high and 
low). Cardiovascular reactivity was operationalized as change in heart rate (HR) and 
blood pressure (BP; diastolic and systolic) responses at the end of the purchasing task 
compared with baseline. Although there was no direct association between income, 
inequality, and BP, results indicated that low- income participants had the higher HR 
reactivity to stable inequality compared with increasing inequality. These findings 
indicate that inequality has the hallmarks of a stressor; this is contingent on the type 
of inequality. This suggests that inequality itself may be detrimental to future health 
via the stress pathway. These findings highlight that the nature of inequality, increas-
ing, decreasing, or stable is relevant to its impact and that these impacts of inequality 
may extend to the biological.
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a good indicator of stress (Kim et al., 2017). We and others have 
shown that these metrics are sensitive to stress- induced manipula-
tions (Gallagher et al., 2014; Segerstrom & Miller, 2004). Increased 
blood pressure (BP) or HR responses in response to a presented 
stressor and its emotional correlates as well as being a good indi-
cator of stress is associated with future cardiovascular disease risk 
(Obrist et al., 1986; Pickering & Gerin, 1990). In fact, a large body 
of literature has found that cardiovascular reactivity is indicative 
of, and a proxy for, future cardiovascular health and disease (Black 
et al., 2017; Carroll et al., 2012; Chida & Steptoe, 2008). Several pro-
spective studies have found that individuals who display exagger-
ated responses to acute psychological challenges are at a greater risk 
of future hypertension, atherosclerosis, and cardiovascular mortality 
(Carroll et al., 2012; Gerin et al., 2000; Kamarck et al., 1997).
The aim of this paper is to explore the possibility that inequality 
can act as a stressor in an experimental setting. Here, inequality is pre-
sented in a virtual society and as such is controlled and manipulated. 
In reality, societal inequality is pervasive in many aspects of our every-
day lives. Some of the prevalences of heart disease in our society stem 
from how stress impacts along social gradients and inequalities (Chida 
& Steptoe, 2008; Heslop et al., 2001). The precise mechanisms behind 
this are still not fully known, although they have been thoroughly ex-
amined. In fact, although conventional risk factors (e.g., lifestyle, ge-
netics, gender, hypertension) account for some of the risk in explaining 
the social inequality- coronary heart disease risk, they do not explain it 
all (Lynch et al., 2006; Ramsey et al., 2009). As such the psychological 
impact of perceived inequality may be important. As such, if inequality 
is in and of itself a stressor, or a stressor of different proportions for 
different income groups, this may be linked to the variable risk of car-
diovascular disease across social gradients and income groups.
Much research has shown that the experiences of low- income in-
dividuals is very different to those of a higher income. Chronic stress 
associated with having a lower income has long been connected 
to poorer health outcomes (Baum et al., 2006). Baum et al. (2006) 
highlight how this stress can result from more frequent stressful life 
events, which are associated with being from a lower socioeconomic 
status (SES) or lower income. Ferraro and Shippee (2009) discuss how 
this accumulated stress compounds in later life and can increase the 
aging process, resulting in poor health outcomes, and these stressful 
life events have been demonstrated even in children as young as nine 
in a study by Bradshaw et al. (2020). In this study, which looked at 
the impact of parental incarceration, children of these parents were 
found to report more anxiety and report more life stressors. These 
children were also found to be of a SES compared with their cohorts 
of the same age who had not experienced parental incarceration. As 
such, this is an issue for individuals regardless of age and according 
to work by Ferrie et al. (2002) and Elovainio et al. (2011), using the 
Whitehall II study, it is a problem that is only growing.
Inequality is implicated in population health and is linked to health 
indicators such as increased mortality (Kawachi & Kennedy, 1997; 
Kawachi et al., 1997), decreased happiness (Oishi & Kesebir, 2015), 
and negative well- being (Schneider, 2012). Although there are 
many possible pathways that link inequality to health (Wilkinson & 
Pickett, 2017), in the social psychological literature, there is a par-
ticular emphasis on the way inequality enhances status competition 
and anxiety and lowers cohesion (Scheepers et al., 2009; Wilkinson 
& Pickett, 2010)— processes that all manifest in an enhanced stress 
response. Here, we focus on measuring this stress response by 
experimentally manipulating the level of inequality using a virtual 
society paradigm (Jetten et al., 2015), which randomly allocated par-
ticipants to inequality conditions. We also explore how the effect of 
inequality is moderated by income group.
Even though they are both complex and connected, income and in-
equality are not synonymous and thus need to be considered as sepa-
rate concepts. Wilkinson and Pickett (2010) acknowledge the similarity 
of these concepts when they examine the health implications of pov-
erty and inequality. Poverty, which is related to an individual's income 
group, explains some ill health, but it does not explain all of it. Research 
suggests that inequality explains an additional proportion of the vari-
ance in population health. To put it more broadly, income relates to 
individual material conditions and access to resources (Wilkinson & 
Pickett, 2010), whereas inequality relates to the wider, social condi-
tions that make up the social context that an individual's income group 
exists within (Subramanian & Kawachi, 2004). Therefore, although in-
come delineates individuals access to social, cultural, and economic re-
sources, income inequality determines the larger social context within 
which income groups experience these everyday conditions.
This is important because Wilkinson and Pickett (2010) have 
found that to improve health and well- being at a societal level, the 
focus needs to move away from individual material conditions. Rather, 
the negative effects of inequality on population health needs to be 
considered. This is particularly the case for outcomes such as car-
diovascular health (Chida & Steptoe, 2008; Phillips et al., 2013) and 
increased mortality from cardiovascular disease (Kim et al., 2008).
Inequality, however, is a complex concept and is difficult to cap-
ture in its totality. Its effects can be examined in different ways. 
Wilkinson and Pickett's (2010) seminal work, for example, compares 
countries that differ in the extent with the gap in income between 
the poorest and wealthiest individual (as assessed by the Gini coeffi-
cient) affects particular societal outcomes such as stress and health. 
This work has prompted others to study patterns of inequality, 
which can be characterized within countries as stable, decreasing, or 
increasing across time (Smeeding, 2000). Although we know that in-
equality can change within a society, as yet it is unclear what impact 
this has on stress. This study will add to this literature. Rather than 
comparing inequalities across societies, our focus is on the effects 
of different patterns of inequality, increasing, decreasing, or stable 
inequality. We use a virtual society to study the effects of these 
patterns for two different income groups; a poorer group versus a 
wealthier group. This allows us to examine the effect of changing 
inequality within a society for more and less affluent income groups.
Indeed, to examine only inequality would neglect the well- 
established impact income has on health. And so, although it is 
argued that inequality affects all of the population in a society, its 
effect appears to be contingent on income group membership. We 
know from prior work that lower income is negatively related to 
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health. Borders et al. (2007) found that lower income negatively im-
pacted birth weight due to chronic maternal stress. Ell et al. (2007) 
found that lower income led to worse recovery for cancer patients. 
And overall, the research suggest that the health consequences of 
inequality are greatest for the poor (Allen et al., 2011) as inequality 
heightens the negative experiences associated with low SES (Pickett 
& Wilkinson, 2015). Ahern and Galea (2006) found that income 
groups and income inequality interacted to affect levels of depres-
sion, with low- income groups in particular reporting higher levels of 
depression in unequal neighborhoods. Thus, it is necessary to exam-
ine both inequality and income group to understand their potential 
as interacting stressors in everyday life.
1.1 | The present study
Jetten et al. (2015) suggest that the effect of inequality is contingent 
on income group. Specifically, they found that the wealthy and less 
wealthy both fear inequality but for different reasons. Although we 
know that inequality in society can be typified as stable, increas-
ing, or decreasing, little to no other research has sought to identify 
whether different degrees of income inequality are demonstrably 
stressful for different income groups. As such, this study asks how 
inequality and income group affect cardiovascular stress responses, 
defined as changes in systolic blood pressure (SBP), diastolic blood 
pressure (DBP), and HR. Specifically, this paper hypothesizes that 
income and inequality will have main effects on stress responses. In 
addition, we also hypothesize that inequality will moderate income's 
effect on our cardiovascular indicators SBP, DBP, and HR. The direc-
tion of these relationships is not hypothesized due to the contradic-
tory nature of the research in this area.
The paradigm, created by Jetten et al. (2015), was originally used 
to investigate the impact of differing types of inequality and income 
group on opposition to immigration. Their study showed that, com-
pared those with moderate wealth levels, opposition to immigration 
was higher in those with low wealth levels and those with high wealth 
levels. Building on this, their study also found that when inequality 
was increasing in their virtual society, all wealth groups had higher 
opposition to immigration. The authors also found that fear of future 
wealth mediated this relationship. This work highlights the complex 
nature of the relationship between income and inequality and how 
different factors may influence this. As well as this, the use of an ex-
perimental paradigm allows for some causal inferences to be made.
This paradigm has since been adapted and used in other work 
such as Sánchez- Rodríquez et al. (2019) in which only inequality was 
manipulated. This demonstrates that the paradigm can be used in 
different ways and in relation to many different factors. The fact that 
it allows for the operationalization/manipulation of both inequality 
and income, it provides the perfect basis for the current study. By 
manipulating them in a controlled lab setting, the present study adds 
to the existing literature by considering how both income and in-
equality impact on physiological indices of stress, something which 
to the best of our knowledge has not yet been explored.
2  | METHOD
2.1 | Design
The independent variables in the current study were inequality at 
three levels: increasing, decreasing and stable, and income group, 
at two levels: high and low. DirectRT was used to randomly allocate 
participants to inequality and income conditions. The dependent 
variables were SBP, DBP, and HR. These were measured at baseline 
and final purchase point. Final purchase point refers to the time point 
where participants completed the last of four purchasing tasks that 
are a central part of the paradigm. This point was chosen as partici-
pants at this point in the experiment had just made all their purchas-
ing decisions. Participants advanced at varying paces dependent on 
their reading speed. As such CV indices at this point in the paradigm 
rather than a set time point meant that participants had equivalent 
information and experience of the virtual environment at this time 
point. Readings from the Finometer Pro used mean scores at both 
the baseline time point and final purchase point to facilitate com-
parability of participant BP and HR. Baseline levels were included in 
analysis as a control measure. Gallagher et al. (2018) highlight how 
including baseline measures as covariates controls for any variance 
that already exists in BP/HR before the tasks begins. BMI was also 
included as a covariate as research has shown this can be a con-
founding factor when looking at HR and BP (Staessen et al., 1988).
2.2 | Participants
Participants were recruited via email and were all students from 
our local university. All participants were required to be more than 
18. Participants were asked if they were taking any BP medication 
as this would render them unable to take part in the study. Given 
that prior research has demonstrated the confounding effects of 
alcohol, smoking, and caffeine on BP (Gallagher et al., 2018), no 
alcohol was to be ingested 12 hr prior to the study, and strenuous/
vigorous exercise was to be avoided. No caffeine or nicotine could 
be ingested for 2 hr prior to taking part in the study. A breakdown 
of participant numbers in each income and inequality group can be 
seen in Table 1. A total of 102 participants took part in the current 
study. A manipulation check was included in the paradigm where 
participants were asked how much they agreed with the statements 
“my group are rich” and “my group are poor” on a scale of 1 to 7. 
If a participant failed the check by stating they strongly agreed or 




Low 16 15 18 49
High 12 10 13 35
Total 28 25 31 84
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strongly disagreed to both statements, their data were excluded 
from analysis. Eighteen participants did not pass the manipulation 
check and because they cannot be assumed to have understood the 
manipulation, they were excluded from the analysis. Full data on 84 
participants was available for analyses, with a baseline HR range 
of 53.27 to 125.03 (M = 82.50, SD = 14.12). 41 self- identified as 
women, 42 self- identified as men, and a single participant identified 
as nonbinary. The age of participants ranged from 18 to 59 years, 
with a mean age of 23 years (SD = 5.83). Height ranged from 152 
to 197 cm, with a mean height of 170.91, SD = 9.36. Weight ranged 
from 45.60 to 123.20 with a mean weight of 73.72, SD = 15.84. BMI 
was calculated using weight and height. Mean BMI was 25.18, SD = 
4.80. Sensitivity analysis using G*Power indicated that based on our 
sample size, an alpha value of .05 and 80% power indicated sensitiv-
ity to detect medium effects (f = 0.085).
2.3 | Apparatus
DirectRT (v2014) was used to present the virtual society paradigm. 
DirectRT is a software program that allows for the presentation of 
visual stimuli in the form of both images and text, which was needed 
for the paradigm used in this study. This program was also used for 
its user- friendly interface, which would make it straight forward for 
participants to navigate.
2.4 | Cardiovascular monitoring
A Finometer Pro (v2.10) was used to take beat to beat noninvasive 
cardiovascular responses: SBP, DBP, and HR. It is considered highly 
accurate due to the height correction system, which accounts for 
the distance from finger to heart, as well as the use of both a fin-
ger and wrist cuff. As such, it is considered a validated measure for 
cardiovascular reactivity by the British Hypertension Society pro-
tocol (McMahon et al., 2020, Schutte et al., 2004). It has also been 
shown to fit the criteria set forward by the Association for the 
Advancement of Medical Instrumentation as the standard deviation 
was under 8 mm Hg (Schutte et al., 2004).
Analyses were also carried out to examine any significant differ-
ences between income groups and inequality groups during base-
line. This was to ensure that any differences between the groups 
could be attributed to the task rather than pre- existing differences 
in responses present at baseline.
2.5 | Procedure
Participants were welcomed into the lab by a researcher, where 
they were given information and consent forms. This study was ap-
proved by the appropriate ethics committee, and participants gave 
their informed consent before taking part in the study. This study 
is in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki. Once consent was obtained, height, weight, 
and age of each participant were gathered. Participants were then 
seated at a laptop with DirectRT and allocated randomly to their 
condition. Once the Finometer was calibrated and baseline had 
elapsed (approximately 2 min), the researcher started the DirectRT 
program on the laptop, which explained the hypothetical society. 
Participants were instructed to follow the instructions and requests 
via DirectRT and were also assured that they could ask questions or 
stop at any time.
Within the paradigm, participants were told that they had moved 
to a virtual society, "Ballyboola", and had to start a new life. They 
were informed of the wealth distribution in the new society. They 
were then told how much each of the five income groups earns in 
Ballyboolean dollars. This information was accompanied by a table 
with their breakdown. As per Jetten et al. (2015), to avoid extreme 
positions, participants were shown five income groups but only 
assigned to one of the two income groups. Participants were, there-
fore, led to believe that they were members of the second lowest 
income group in "Ballyboola", a group hereafter referred to as low 
income, or the second highest income group in "Ballyboola", the con-
dition hereafter referred to as high income.
Both income groups were then shown the same information re-
garding the wealth history of “Ballyboolean” society. Participants 
were assigned to one of the three inequality conditions: increasing, 
decreasing, or stable. For each inequality condition, a brief text ex-
planation was given as well as a graph to demonstrate the changes 
that had occurred in the last 20 years in “Ballyboola.” The wealth of 
the income group the participant was assigned to did not change 
over this time period, and this was reflected in the displayed graph. 
Replicating the original paradigm, participants were then asked to 
make four spending choices (Jetten et al., 2015). Based on photos 
of houses, phones, cars, and holidays, participants were asked to 
choose what they would purchase in their new life. There were five 
possible car, phone, housing, and holiday options (see Table 2). Three 
pictures of car, phone, holiday, and housing were offered to each of 
the five income groups. So, for each purchase made, 15 options were 
visible to all participants. Participants could only purchase items 
within the price range as per their income group membership. So, 
income group 2, for example, could see all 15 cars available to pur-
chase but only those that were in the price bracket for income group 
1 and 2 could be purchased. Income group 4, the high- income group, 
could see all the purchasing options and those in income group 5 
were not available to them.
3  | RESULTS
3.1 | Approach to analysis
To explore the effect of inequality and income on the physiological- 
dependent variables, a multivariate analysis of covariance 
(MANCOVA) was conducted using SBP, DBP, and HR at final pur-
chase point. As the literature has so strongly suggested that a 
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contingent relationship was also conducted to look at the possibil-
ity of different income groups moderating the potential effects of 
inequality on cardiovascular responses. Three moderation analyses 
using PROCESS macro, model 1, for SPSS, were conducted with 
5,000 bootstrapping resamples to test this hypothesis for the three 
physiological variables, HR, DBP, and SBP, separately. Inequality 
group (1 = increasing, 2 = decreasing, 3 = stable) was entered as a 
predictor, and income group (1 = low income, 2 = high income) was 
entered as a moderator. To control for baseline SBP, DBP, and HR, 
each was included as a covariate in each respective analysis.
3.2 | Correlations and descriptive statistics
Correlations and descriptive statistics can be found in Tables 3 and 4.
3.3 | Income groups, inequality conditions, and 
cardiovascular reactivity
A one- way analysis of variance was conducted to examine if baseline 
HR differed between income groups. This revealed no significant 
difference between high- and low- income group HRs at baseline. 
The same was also true for inequality, with no significant differences 
in baseline HR between the three inequality conditions (increasing, 
decreasing, stable). A MANCOVA was conducted to examine the 
effect of inequality and income on all physiological measures using 
change scores. The test revealed no significant main effect for 
income, F(3, 73) = 0.25, p = .864, or inequality, F(6, 148) = 1.14, p = 
.343. There was also no significant interaction effect of income and 
inequality, F(6, 148) = 2.04, p = .063.
3.4 | Moderation analysis
Our moderation analysis revealed that the overall model predicting 
SBP during final purchase point was not significant F(4, 79) = 1.20, 
p = .32. The same was also true for DBP, F(4, 79) = 0.81, p = .521. 
Thus, there was no direct or indirect association between income, 
inequality, and either SBP or DBP.
The overall model predicting HR at final purchase point was sig-
nificant, R2 = .94, F(7, 76) = 173.43, p < .001. Using the PROCESS 
multicategorical function, dummy codes were created for the three 
inequality conditions using increasing inequality as a reference cat-
egory. This moderation analysis suggests that income and inequal-
ity interact to affect the HR. The indirect effect was significant for 
low- income group participants. Income group moderated the effects 
of inequality on HR at the final purchase point for stable inequal-
ity using increasing inequality as a reference category, b = −4.67, 
SE = 1.91, p = .017, 95% CI [−8.48, −0.85]. Looking at the mean HR 
change for each of the three groups separately (see Table 5) indicates 
that in the low- income group those experiencing stable inequality 
had the highest HR in response to the purchasing task.
Inequality had a main effect on HR (decreasing with increasing 
as reference, b = 5.91, SE = 2.92, p = .046, 95% CI [.1, 11.73]) (stable 
with increasing as reference, b = 8.37, SE = 2.87, p = .005, 95% CI 
[2.65, 14.08]). Income group did have a main effect on HR, b = 2.16, 
SE = 1.34 p = .112, 95% CI = [−0.51, 4.83]. These findings are quali-
fied by the above interaction effects. There was no significant differ-
ence in the high- income group. Means in the decreasing inequality 
condition did not differ significantly by income group.
4  | DISCUSSION
This paper explores the interactive effect of inequality and in-
come on physiological stress responses. We showed that in a 
hypothetical virtual society, inequality has an effect on physi-
ological responses, which is moderated by income group. Effects 
of inequality on stress responses were conditional on income. 
Stable inequality caused physiological responses, characteristic of 
increased stress in our low- income group, when using increasing 
inequality as a reference group. This reflects previous epidemio-
logical research that highlighted the negative effect of inequality 
on low- income groups (Bjornskov et al., 2013; Mani et al., 2013; 
Ryan et al., 2018).
TA B L E  2   Criteria for photo selection
Income group 1 Income group 2 Income group 3 Income group 4 Income group 5
House Cramped bed set Spacious studio 
apartment
Apartment with more than 
one room
Bungalow House
Car €200– €499 €500– €999 €1,000– €1,999 Up to €5,000 €5,000+
Phone Small screen with 
buttons
Flip top Small touch screen, unknown 
brands




Holiday Caravan in Ireland Irish cottages Self- catering apartments Villa 5 star + hotel
TA B L E  3   Correlation table
1 2 3 4
1. Income – 
2. Inequality −0.007 – 
3. Baseline heart rate 0.04 −0.006 – 
4. Heart rate at final 
purchase
0.03 0.05 0.96*** – 
***p < .001.
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These findings support prior research that suggests negative 
health effects are apparent in contexts where there is limited or no 
potential for economic growth (i.e., stagnation) (Paskov et al., 2013; 
Storper, 2000). Although increasing inequality is objectively more 
related to stagnation in economic growth (Wisman, 2013), sub-
jective beliefs have been shown to be more important for stress 
(Solomon et al., 1987). Research by Wang et al. (2020) looked at this 
in relation to high- income group individuals and found evidence for 
the idea of a “having more wanting more” mentality. When thinking 
about this in relation to our study, it may be that for low- income 
individuals they are unable to foresee improvements in their current 
economic situation if they felt there was no potential for economic 
growth or that society was economically stagnant. That is, inequal-
ity remaining unchanged may have elicited a stress response due to 
feelings of not having enough combined with an economic situation 
that is not changing and, therefore, is not improving. As we did not 
ask individuals how much room for economic growth they believed 
their virtual society allowed them, we cannot say for certain this is 
what elicited this response.
Although research comparing inequality across countries was 
crucial in developing the understanding of the adverse impact of in-
equality on health, this work highlights that inequality is a complex 
and contingent on a variety of factors. Key factors would also appear 
to be whether inequality is rising, falling, or stagnant.
Even though the paradigm, created by Jetten et al. (2015), has 
been used in other research exploring other outcomes such as belief 
in an individualistic society (Sánchez- Rodríquez et al., 2019), this 
study is among the first to combine this manipulation with physio-
logical data collection. As the study manipulates inequality, this al-
lows for some inferences to begin to be made about how inequality 
itself may elicit physiological stress responses. This then lends itself 
to the suggestion that inequality itself can be a stressor for individu-
als directly and not just indirectly through other factors it influences 
such as status anxiety and feelings of competition.
The current study is not the first to link inequality to physiolog-
ical stress. Prior work such as that by Scheepers et al. (2009) has 
examined physiological stress related to inequality and status. Our 
research is novel in that it focuses on income specifically, rather than 
a related concept that income may influence. As mentioned above, 
this allows for some inferences to be made about how income itself 
and its interaction with inequality is eliciting a stress response.
Both a limitation of the current study and an area of possible 
future research is examining the extent to which individuals identi-
fied with their assigned income group. Scheepers et al. (2009) argue 
that we need to account for the effect of identifying with a group 
when looking at inequality, which is something this paper did not 
examine but is certainly worth future attention. Scheepers et al. 
have demonstrated that increased identification with a group can 
elicit a stronger response if this group is then threatened. Equally, 
Gallagher et al. (2014) demonstrate that identification can amelio-
rate the impact of stress on physiological responses. Future research 
could usefully investigate the role of identification with groups as a 
Increasing Decreasing Stable
M SD M SD M SD
Low income
SBP 128.76 10.77 128.15 10.43 130.71 15.80
DBP 78.77 8.47 76.87 9.97 80.38 11.30
HR 80.07 9.22 83.70 14.89 75.29 13.76
High income
SBP 124.19 13.36 127.98 14.43 129.27 19.28
DBP 73.78 8.54 78.46 13.51 80.77 11.78
HR 74.12 16.33 81.65 12.93 84.81 12.49
TA B L E  4   Mean HR during the final 
purchase point
b
CI 95% for b
t r sr2Lower Upper
HR final purchase .97 0.94
Income 2.16 −0.51 4.83 1.61
Decreasing (ref. increasing)* 5.91 1 11.73 2.03
Stable (ref. increasing)** 8.37 2.65 14.08 2.92
Decreasing × income −2.31 −6.22 1.61 −1.17
Stable × income* −4.67 −8.48 −0.85 −2.44
Note: Fit for model.
HR final purchase R2 = 94.11, F(7, 76) = 173.43, p < .001.
*p < .05; **p < .01; ***p < .001.
TA B L E  5   Model exploring the 
moderating role of income in the 
relationship between inequality and heart 
rate (HR)
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potential mediator of the impact of inequality on physiological stress 
response.
Although our results only demonstrated an effect on HR and not 
SBP or DBP, this is not uncommon. Trapp et al. (2014) state that the 
type of stress influences cardiovascular reactions, and it depends on 
the nature of stress whether a response is elicited in both HR and BP 
or only one. For example, Trapp et al. (2014) found that combined 
mental and physical stress caused a reaction in SBP. However, no 
such effect was found for mental stress alone. They also highlight 
the key role that psychological processes play in this. Thus, the type 
of stress can cause different cardiovascular reactions, and this can 
be due to psychological processes such as coping mechanisms. This 
reasoning is also supported by Berntson and Cacioppo (2004), who 
also demonstrate that different types of stressors will elicit different 
responses in SBP, DBP, and HR. As such, it may be that the type of 
stress or coping mechanism being used in the current study is one 
that elicits an HR response rather than a BP response. Although this 
study cannot comment on the type of stress or coping mechanism 
individuals may have been engaging in as this was not measured, it 
is a consideration to keep in mind, and this may explain the fact that 
an effect on HR was found but no effect on BP. Similar to Gallagher 
et al. (2020), although we did not find an association for BP, the ef-
fect was in the same direction, possibly because our study was not 
sufficiently powered to demonstrate the impact on HR. Thus, it is 
not so much the case that HR and BP differed in the type of response 
but rather that they differed in the strength of their response. In 
addition, an effect on HR alone is still an important one to consider 
as HR has been connected to cardiovascular disease, cardiovascular 
events in general, and all- cause mortality (Black et al., 2017; Chen 
et al., 2019; Phillips et al., 2013). The above research also shows that 
a response in HR alone is not a shortcoming of the present study and 
thus is still worth considering.
The sample size for this study is modest. This could increase the 
chance of both type 1 and type 2 errors (Christley, 2010; Vadillo 
et al., 2016). This may account for our lack of findings for high- 
income individuals and for decreasing inequality, both of which had 
a smaller sample. As such, these results should be taken with some 
caution, and we are being conservative with inferences which can 
be drawn from this study. In saying that, these results still suggest 
the possibility of inequality as a type of stress and suggest further 
research with larger samples could extend and develop this useful 
paradigm.
Although the sample size of the current paper is small, to our 
knowledge, this is the first of its kind to combine income, inequality, 
and cardiovascular reactivity using this paradigm. As such, we be-
lieve it is still a worthwhile study with findings that are important to 
consider. In addition, although a student sample is used in this study, 
this is still a worthwhile sample to examine and gather findings with. 
Inequality and disadvantage impacts individuals of any age, and 
research has shown that early adversity influences future health 
(Sigfusdottir et al., 2017). Thus, examining cardiovascular reactiv-
ity, which is considered a proxy for future heart health and disease 
(Black et al., 2017; Carroll et al., 2012), is a worthwhile endeavor and 
should not be dismissed.
Going forward, it is also worth considering how the ecological 
validity of our findings could be increased beyond purchasing tasks 
in assigned inequality and income conditions. The current study 
used a paradigm in which both inequality and income are operation-
alized in a simple way that is not fully reflective of their multifaceted 
nature. Income and inequality are both methodologically complex 
concepts. Baum et al. (2006) suggest that SES is a key consideration 
when examining public health and that income is not a complete 
or fully appropriate replacement. Importantly, however, our work 
demonstrates that even when stripped back, inequality and income 
do appear to cause a physiological response. This is important, as 
these physiological responses have been shown to be indicative of 
detrimental cardiovascular health in later life.
5  | CONCLUSION
The current study explored how income together with inequality 
impacted on physiological stress responses. We showed that stable 
inequality when using increasing inequality as a reference group elic-
ited the strongest stress responses for low- income group members 
in a virtual society. Although both income and inequality have been 
linked to health previously, our study is the first to show that stress 
may be the pathway linking these two factors. In addition, although 
the relationship is complex and contingent on the type of inequality, 
our study nonetheless highlights that inequality is a stressful context 
likely to have important health consequences.
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APPENDIX A
Introduction to direct RT program
In this study you will become a citizen of Ballyboola. You will start a 
new life there and become a member of Ballyboolean society. Ballyboola 
is just like any other society. In terms of wealth distribution, income levels 
take the shape of the following picture.
APPENDIX B
Table with relevant income group highlighted (high- income group)
APPENDIX C
Table with relevant income group highlighted (low- income group)
APPENDIX D
Text and graph for increasing inequality group
In the past 20 years, Ballyboola was affected by a change in economy. 
As a result, the wealth gap in Ballyboolean society increased. Status 
differences increased: the poor became poorer. The moderately wealthy 
earn about the same. The rich gained more wealth and become richer. 
Please keep this in mind.
APPENDIX E
Text and graph for decreasing inequality
In the past 20 years, Ballyboola was affected by a change in economy. 
As a result, the wealth gap in Ballyboolean society decreased. Status 
differences decreased: the poor became richer. The moderately wealthy 
earn about the same. The rich lost some of the wealth and became 
poorer. Please keep this in mind.
APPENDIX F
Text for stable inequality
In the past 20 years, Ballyboola was not affected by a change in econ-
omy. As a result, the wealth gap in Ballyboolean society has remained the 
same. Status differences have not changed: the poor are still poor. The 
moderately wealthy earn about the same. The rich remain rich. Please 
keep this in mind.
APPENDIX G
Explanation of purchasing task
To begin your new life in Ballyboola, the daily essentials must be pur-
chased. The following questions will ask you to select items that you 
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require. However, only items that you can afford are able to be selected. 
This is governed by your group's annual income.
APPENDIX H
House purchase information
Next, you will see a number of houses with corresponding letters.
Important: You can only choose between those houses that your 
income group can afford. The items are labelled by income group, so you 
know what you can afford. For example, if you are in income group 3, 
you can afford houses A to I but not houses J to O. Please press the cor-
responding letter of the house you wish to purchase.
APPENDIX I
Car purchase information
Next, you will see a number of cars with corresponding letters.
Important: You can only choose between those cars that your income 
group can afford. The items are labelled by income group, so you know 
what you can afford. For example, if you are in income group 3, you can 
afford cars A to I but not cars J to O. Please press the corresponding 
letter of the car you wish to purchase.
APPENDIX J
Phone purchase information
Next, you will see a number of phones with corresponding letters.
Important: You can only choose between those phones that your 
income group can afford. The items are labelled by income group, so you 
know what you can afford. For example, if you are in income group 3, 
you can afford phones A to I but not phones J to O. Please press the cor-
responding letter of the phone you wish to purchase.
APPENDIX K
Holiday purchase information
Next, you will see a number of holidays with corresponding letters.
Important: You can only choose between those holidays that your 
income group can afford. The items are labelled by income group, so you 
know what you can afford. For example, if you are in income group 3, 
you can afford holidays A to I but not houses J to O. Please press the cor-
responding letter of the holiday you wish to purchase.
